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Testicular Size and Shape of 47,XYY and 47,XXY Men
in a Double-Blind, Double-Matched
Population Survey

ERrik BOISEN!

SUMMARY

This paper reports the testicular size and shape of 12 men with 47,XYY, 14
men with 47,XXY, and 52 matched controls with 46,XY. The abnormal
karyotypes were identified in a systematic population search for XYY and
XXY men. The subjects and their matched controls were examined in a
double-blind fashion.

The testes of the XYY men showed no significant differences from those
of their XY controls for volume or shape. This indicates that previous reports
of abnormal testes in XYYs reflect selection and publication bias and do not
provide an accurate description of the condition of 47,XYY men’s testicles.

As expected, the testes of the XXY men were significantly smaller than
those of their XY controls, and there was also a difference in shape.
However, the mean size in this sample of XXYs was larger than in previous
reports on Klinefelter syndrome patients, indicating that previous reports on
XXYs, identified in clinics for male hypogonadism and other institutions,
also suffered from selection bias.

INTRODUCTION

This paper deals with the testicular size, shape, and condition of men with abnormal
sex chromosome complements 47,XYY and 47,XXY. The subjects were found in an
unbiased population survey. Testicular size and condition in 47,XYY men has been
reported many times since this anomaly was first described [1]. However, nearly all
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reports have described subjects identified in some type of institution. Few investigators
have attempted population studies.

Abnormal testicular size in 47,XYY males was reported in a large proportion of
cases published from 1961 to 1975 [2—13]. Other studies considered 47,XXY
testicular size to be within normal limits [9—12, 14—16], but few subjects were
actually measured. In addition, Skakkebzk [17] found abnormal seminiferous
epithelium in biopsies from 11 of 14 XYYs. Since these case reports were not obtained
from unbiased population studies, the possibility of selection bias leaves the question
of testicular size in XYYs unclear.

Descriptions of Klinefelter syndrome have invariably included small testicles along
with the three classical signs: gynecomastia, aspermatogenesis without Leydig cells,
and increased excretion of FSH. These patients usually have an XXY sex chromosome
constitution [18, 19]. Subsequently, the 47,XXY karyotype has been incorporated into
the definition of ‘‘true’’ Klinefelter syndrome. Since Klinefelter et al. [20] reported
small testes in the initial description of this syndrome, reports on another 180 XXYs
have indicated small testis with lengths under 2.6 cm in 179 cases [21—24].

MATERIALS AND METHODS

The starting population for this study consisted of the 31,436 men born in 1944 —1947 whose
mothers were registered inhabitants of Copenhagen when they gave birth. The height of each
man surviving to adulthood was noted, and buccal smears and blood samples were collected
from 4,139 men who reached adult heights of 184 cm or more. Details of this case-finding
procedure are provided elsewhere [25, 26].

In this way, 12 XYY and 16 XXY men were identified. All of the XYYs and 14 of the XXYs,
together with two groups of matched control XY subjects, also selected from the set of 4,139
men, agreed to an intensive two-day double-blind examination. One group of controls
(control-1) was matched for age, height, and the social class of their parents when the subject
was born. A second group (control-2) was matched for age, height, parents’ social class, plus
performance on an intelligence test (to control for the intelligence level of the XYY and XXY
subjects). All 78 participants were from 26 to 31 years at the time of the testicular examination.

The testes were measured with a Lange caliper while the subject was standing. All three
dimensions (height, small width, and large width) were taken with the caliper in the right hand
and the testicle held between the left forefinger and thumb, using the slightest possible pressure
to the testis so as not to deform the organ. No effort was made to stretch the skin of the scrotum.
The volume (V) in cc of a single testicle was calculated using the formula for a spheroid of
revolution, V = 4/3 7 (a/2) (b/2) (c/2) (1/1000), where a, b, and c are the three dimensions in
mm [27-29].

RESULTS

The results given in table 1 include the mean, standard deviation, and the minimum
and maximum values for each of the eight measurements in each of the six groups. The
right and left volumes were subjected to an analysis of variance in which the XYYs and
their two matched controls are contained in one set, and the XXYs and their controls
are regarded as a second matched set. A single subject was measured on both right and
left sides, this being regarded as repeated measures.* (A similar analysis of variants

* Because it is known that designs of this sort are positively biased by violations of the assumptions placed
on the variance-covariance matrix, conservative tests have been performed, where appropriate, following the
€ procedure described by Huynh [31]. The adjusted df for the conservative tests are reported in parentheses in
the analysis summary tables, and all reported significance levels reflect the conservative tests.
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TABLE 1

TESTICULAR MEASUREMENTS IN XYY, XXY, AND XY GrouUPS

LEFT RIGHT
Mean SD Range Mean SD Range
XYY Set:
Height (mm):
XYY (o 41.50 4.7 34-51 41.08 5.1 31-49
C-l.o 44.42 3.7 38-50 42.58 5.7 27-50
C-2. 42.17 4.3 36-52 45.17 5.1 36-55
Small width (mm)

........................ 23.17 3.4 20-32 25.17 2.1 22-30
Colo 23.42 2.9 20-30 25.00 4.5 15-32
G2 22.83 3.2 17-26 26.25 3.2 21-34

Large width (mm)
XYY o 29.92 4.0 24-40 29.83 3.2 25-35
[0 32.25 3.6 26-40 31.25 3.7 22-37
C2 . 31.08 4.0 24-36 31.42 3.0 28-139
Volume (cc):
XYY o 15.62 6.4 8.97-34.18 16.46 4.6 10.97-26.94
Colon 17.83 4.7 12.34-27.65 18.20 6.2 4.67-28.52
C-2 16.12 5.1 8.97-24.07 20.10 7.0 11.88-38.19
XXY Set: '
Height (mm):
XXY 25.07 39 20-33 25.86 5.1 18-36
C-loe 42.00 3.9 37-52 41.62* 5.1 30-50
C-2 42.36 3.4 38-48 44.57 4.2 37-55
Small width (mm)

XY 13.07 2.5 10-18 12.71 2.8 9-17
Cl.oiii i 22.07 3.0 16-27 24.69* 3.2 20-31
C2 24.36 3.0 20-30 27.07 3.0 22-32

Large width (mm).

........................ 17.86 4.6 9-30 17.36 4.2 12-24
Colooi 31.14 3.0 26-135 29.77* 3.3 23-34
C-2 31.86 2.9 27-37 30.93 3.2 26— 36

Volume (cc):
XXY 3.33 2.1 1.04-9.33 3.23 1.7 1.02-6.33
Coloiii 15.21* 44 8.71-23.82 16.58* 5.6 7.23-27.59
G2 17.34 3.7 11.31-24.57 19.97 5.7 11.08-33.18

* Right testis of one XXY-control-1 subject had been surgically removed. Means shown here are for 13 subjects with
complete data. Prior to ANOVAs, missing values were conservatively replaced by respective means based on remaining 77
study participants.

(ANOVA) is illustrated by Winer [30], pp. 539—559.)

Table 2 summarizes the analysis of variance on testicular volumes. The nonsig-
nificant sides X groups interaction focuses interest on the significant groups main effect
(P < 10719). The analysis of simple effects clarifies the interpretation of the groups
effect. In particular, the simple XYY analysis produced a nonsignificant F ratio. The
XYYs’ testicular volumes do nor differ from those of their XY controls. However, the
simple XXY analysis produced a significant group effect (P < 10~1!), which can be
further partitioned to contrast the XXY group with the average of its two control groups
(contrast 1). The resulting F ratio is highly significant (P < 107!2, two-tailed),
indicating that the XXY group differs from its control groups. The minimum volume of
a single testicle in the XXYs was 1.0 cc on both sides, and the maximum volume of a
single testicle of the XXYs was 6.3 and 9.3 cc, right and left sides, respectively.
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TABLE 2

ANALYSIS OF VARIANCE ON TESTICULAR VOLUMES

Source df Mean square F ratio P
Groupsinset*....................... 4 9528 x 10° 24.01 .5999 x 10~
Simple XYY groups ................ 2 .3280 x 108 .83  .4438
ontrast 1T ..................... 1 .6547 x 108 1.65  .2052
Contrast 2t ..................... 1 .1165 x 108 .00  .9570
Simple XXY groups . . .............. 2 1872 x 108 47.18 4654 x 1071
Contrast 1T ..................... 1 .3633 x 101 91.53  .8975 x 1072
Contrast 2% ..........ovvvevnn.. 1 .1128 x 10° 2.84 .0983
Subjects X groupsinset .............. 48 .3969 x 108
Side§............ i 1 .8794 x 108 21.30 .1103 x 1073
SetXside.........ooiiiiiiiiiann 1 .1756 x 107 .43 .5204
Subjects X sideinset ................ 24 .4128 x 107
Side X groupsinset' ................. 43)#  .1810 x 108 1 59 .2072
Subjects X side X groupsinset ........ 48(39) .1138 x 108
Sel. .t 1 .8947 x 10° 22 83 7294 x 10~
Subjectsinset ...................... 24 .3918 x 10°
* Huynh & = 1.0.

1 Contrast 1 compares abnormal group to combined control groups.
§ Contrast 2 compares control-1 to control-2.

§ Huynh & = 1.0.

" Huynh & = .80.

# Adjusted df in parentheses.

Contrast 2 compares control-1 to control-2 in the XXY set, but, as expected, the
resulting F ratio is not significant.

The analysis in table 2 also allows a test of right vs. left volumes. The side effect is
significant (P < 1073, two-tailed) and can be interpreted directly since there is no
significant sets X sides interaction. The average means across all 78 subjects are 14.05
cc on the left side and 15.55 cc on the right.

Table 3 summarizes a similar analysis of variance on testicular shapes, using six
measures for each subject (height and small and large widths for both right and left
sides). The significant measures X groups interaction (P < 107%) indicates that the
testicles are not of the same shape in all groups. The interaction effect can be
partitioned into a simple XYY interaction, which is not significant, and into a simple
XXY interaction, which is significant (P < 107%). This simple XXY interaction can be
further partitioned to obtain contrast 1, which compares the shape of the testes of the
XXY group to the average shape of its two control groups. This contrast 1 is highly
significant (P < 107%), indicating that the XXYs have testes of a shape different from
their XY controls. Inspection of the mean heights and widths (table 1) shows that
height contributes a greater proportion to XXY volume than it does to control volumes.

DISCUSSION

From 1961 through 1975, 13 of the 17 publications noting testicular condition in
XYYs cited abnormalities; for example, total absence of the testes, varying degree of
hypogonadism, and abnormally large testes (as large as 100 cc). However, most
reports suffered from ascertainment bias. The search for 47,XYY subjects was often
restricted to maximum security hospitals, prisons, institutions for the mentally
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TABLE 3

ANALYSIS OF VARIANCE ON TESTICULAR SHAPES

Source df Mean square F ratio P

Measures X groups imset* ........... 20(14)t 25.72 3.66 2531 x 107
Simple XYY interaction ........... 10(7) 13.16 1.87 .0697
Contrast 1§ ................... 5(4) 8.29 1.18 3218
Contrast2§ ................... 5(4) 18.03 2.56 .0402
Simple XXY interaction ........... 10(7) 38.27 5.44 2926 X 1073
Contrast 1 ................... 5(4) 68.41 9.72 4167 x 107
Contrast2§ ................... 5(4) 8.13 1.16 3323
Subjects X measures X groups in set...  240(170) 7.03
Measures'. .................. ..., 5(4) 14824 x 104 888.76 < 10712
Set X measures .................... 5(4) 23.06 4.25 3344 x 1072
Subjects X measures inset........... 120(93) 5.43
Groups inset# .................... 4 .2805 x 10* 50.61 < 10710
Subjects X groupsinset............. 48 55.43
Set ... 1 2561 x 10* 51.30 .2108 x 10-®
Subjectsinset ..................... 24 49.92
* Huynh & = .71.

t Adjusted df in parentheses.

} Contrast 1 compares abnormal group to combined control groups.
§ Contrast 2 compares control-1 to control-2.

"Huynh & = .78.

# Huynh & = 1.0.

subnormal, and hospitals for psychiatric patients. Examinations were rarely performed
by ‘‘blind’’ examiners, and objective measurements were not always reported.

The present study was designed to avoid as many of these criticisms as possible,
being an unbiased survey of a well-defined population. Testicular examination of the
subjects was performed by a single examiner, in a double-blind design, using objective
measures as part of a structured procedure.

No significant differences in testicular volume or shape could be demonstrated
among the XYY group and its two XY control groups. The mean height and volume
corresponded closely to those found by several other authors studying the testicular size
of normal populations or normal male patients (table 4). This indicates that previous
incidental reports of testicular size in 47,XYY males reflect biased selection of subjects
from certain population groups, that is, subjects exhibiting a higher degree of
abnormality, more than they reflect accurate descriptions of 47,XYY men. Testes can
be functionally abnormal even when of normal size [17, 39], but the need to insure the
subjects’ continued cooperation with other aspects of this study precluded testicular
biopsies.

This study confirms previous ones which reported distinctly subnormal testicular
size in 47,XXY males. The largest volume of a single XXY testicle in this sample was
9.3 cc, which compares well with the 8.4 cc found by Frgland [24]. It is double the
maximum 4.5 cc reported by Stewart et al. [21]. The mean testicular height in this
study was 25 mm, which corresponds with Stewart et al.’s reported range from 15 mm
to 26 mm and with Ragoch’s [22] finding in 100 ‘‘true’” Klinefelter patients of a range
from 16 mm to 22 mm.

The small size of the XXYs’ testes in this study is in agreement with upper limits in
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TABLE 4

MEAN TESTICULAR SiZE FOUND BY DIFFERENT AUTHORS

Author(s) Year Length (mm) Wt or Vol
Spangaro [32] ......... ... .. 1902 45 47 cc
Roessle & Roulet [33]........ ... .o, 1932 43 34g
Sand & Okkels [34] ....... ... .. ... i, 1941 40g
Olesen[35] ........ ... i 1948 36 g approx.
Lambert [36] ...........oo it 1951 40 cc
Hansen & With [28] ......... ... ... ... ... 1952 35cc
Tishler [37] . ... oo 1971 43
Farkas [38] .................. e e 1976 46 37 cc
Presentstudy ........ ... ... .. . i 1979 43 35c¢cc

the previous reports which drew their XXY subjects from special clinics for male
hypogonadism with severe testicular defects. Since the subjects of this study were
derived from a population survey, it seems likely that the average size of the testes of
47,XXY men, while distinctly subnormal, are nonetheless actually larger than
previously believed. '
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